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SYLLABUS

Hurricanes serlously affect the western shore of the Chesapeake
Bay and tributary estuaries of the Patuxent, Potomac, and Rappahannock
Rivers. Damages to individual properties are often severe and the
-.cumulatlve damages are great due to the long length of exposed shore-
line.. The comparatively light development makes the construction of
single-purpose hurricane protection not economically feasible, 1In
~lieu of the construction of hurricane protection works, it is recom-
mended that the following local action be taken: (a) zoning regulations
and building codes be adopted to reduce exposure to hurricane damages;
(b) the U, 5. Weather Bureau warning system be supplemented on the loeal
level; (e) evacuation plans be developed for areas subject to flooding
and isolation; (d) highways be raised to reduce tidal Flooding of evacua-
tion routes. It is further recommended that this report be published
and distributed to appropriate officials in the area who may find the
information contained therein of use in the establishment of flood plain
regulatory measures and evacuation procedures,
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U, 5. ARMY ENGINEER. DISTRICT, BALTIMORE.
- CORPS OF ENGINEERS'
P, 0. BOX 1715
BALTIMORE 3, MARYLAND

| CNABEN-m . o L 15 May 1043
foLSUBJECT: Hurricane Survey - Tidewater Portions of the Patuxent, Potomae -
© “+ . snd Rappahannock Rivers Including Adjscent Chesapeake Bay

| . .. Shoreline : - . S

!
TO: o ﬂ'pivision,Engineer L

~ U..S, Army Engineer Division, North Atlantic .
. New York, New York : : . S

I, AUTHORITY ~ ‘
1. AUTHORITY

This report is gubmitted in compliance with authorization con-~
tained in Public Law 71, BUth Congress, lst Session, spproved 15 June
1955, which reads:- S G e

,'"Be it enacted by,theﬁSengﬁe,and,House,of Representatives
-of-the United States of America in Congress assembled, That in
view of the severe damage to the coastal and tidal areas of the
‘eastern and. southern United States from the occurrence of hur-.
ricanes, particularly the hurricanes of August 31, 1954, and
September 11, 1954, in the New England, New York and New Jersey .
coastal and tidal areas, and the hurricane of October 15, 1954, ..
in the coastal and tidal areas extending south to South Carolina,
and in view of the damages caused by other hurricanes in the
past, the Secretary of the Army, in cooperation with the Secre-
tary of Commerce and other Federal agencies concerned with hur-
ricanes, is hereby authorized and directed to cause an examination
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and survey to be made of the eastern and southern seaboard of
the United Btales wilh respect to hurricsnes, with particular
refercnes Lo areas whore cevere damages have occurred,. .

"BEC. 2. Buch survey, to be made under the divection of
the Chief of Englneers, shall include the securing of data on
the belavior and frequency of hurricanes, and the determina-

Cblon of methode of Forecasting Lhelr paths and improving warn-
Ang services, and of poosible means of preventing lone of |
hummir Lives and damages to property, with due congideration
af the economies of proposed brenkwaters, reawnlls, dikes, . .-
dome, mud other slhrecturen, warningg servives, or obher mean-
Coures which might be required.v : )

2. ABGIGNMENT, . A hurricane appraleal report, "Hurricane Survey,
Chesapeske Doy, DPobomac and Rappshannock Rivers," dated June 1956,
wnn forwoarded 1o Lhe Otfice, Chief of Engineers, on 23 June 1956, -This
report recommended hurrlcane investipgations of Burvey scope covering
the shore of Chosapeake Boy from Cove Polnt, Colvert County, Marylend,
to Wolf Trap Light, Mathews County,'Virginia,‘including the tidewater
- arenn of the Potomac, Rappahsannock, and Patuxent Rivers in four separ-
ate reports ap follows: (1) Colonial Beach, Virginia; (2) Carden
Creek, Virginia; (3) Metropolitan Washington, D.C.; and (%) a Specinl
- Btudy, the remainder of the area which 1e covered by this report.

© 3.7 1n a Jetler ENGWD to North Atlantic Division, dated 5 Decembei
1956, subject: "Hurricane Appraisal Report," the Chief of Engineers
approved the preparation of the four reports. o s

11, EXTENT OF INVESTTCATION
4. The mcope of this report includes a peneral appraisal of the

hurricane problem s related to the tidewnler arcas of the Patuxent,
Potomae, and Rappahannock Rivers nnd the western shore of the Chega- -

penke Hay from Cove Polnl, Calvert County, Maryland, to Wolf Trap Light;

Mathews County, Virginla, except Colonial Beach, Garden Creek, and
Metropolitan Washington, D. €. The functional scope of the report
Includes publlc heardngs, to aid in delining problem arcas and to record

the public's interest and desires, an assessment, of probable damages,
comptlation of information relative 1o freguency of hurricane'activity.
and athendant . tidal flooding, the need for flood. plain regulntory
measures, the need for protective warning and evecuation procedures,
and other posgible means of reducing damnges. To assist individual ,
property owners and small communitiles in protecting agninst the attef-

dant, problem of beach and shore erosion in arcas where Federal particd.
patlon in provision of exkensive protective worke againet tidal flooding

1z not economically feasible, a non-technical bulletin of general infor-

metlon including typical plans of beach and bank protective works A
applicable to the area has been developed by the Corps of Engineers..
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This bﬁlletinfis avgilable'ffom the U}‘S,'Army,‘Jbrps;of Engineers, .
Beach Erosion Board, Washingten, D. €., Tree of charge. It is strong- .

Ly emphasized, however, that qualified englneers should be consulted
to design suitable proteation,: The cost of such services is a com-

paratively small part of either the ¢onstruction'cost or the,Value‘dfM'

~the property to be saved. More detalled information regarding the

planning and design of structures and the determination of wave char-
acteristics needed for design is presented in the U. 3. Army, Beach .

- BErdsion Board publication, Technical Report No. 4, “Shore Protection

Planning and Design.," . This comprehensive publication, which will -

‘furnish engineers s guide in the planning and design of shore protec~

tive works, is available for purchase from the Superintendent of
Documente, U. S, Government Printing Office, Weshington, D. C,

ITT. PRIOR REPORTS
5. .GENERAL . :

Numerous reports have been prepared on flood control and navi-

gation problems on the Patuxent, Potomac, and Rappahannock Rivers and

ad jacent waters of Chesapeake Bay, Three, prepared under authority of
Publie Law 71 of the Bhth.Congress, deal with problems of tidal flood-

“.Lingo These'areﬁdescribed in following parsgraphs.

6. HURRICANE REPORTS -

R

- B. Colonisl Beach, Westmoreland County, Virginia. An investi~

“gétiqn~WaS'made‘to determine the advisability of hdrriqane‘prbtection‘;_f
- works for the Town of Colonial/peachﬂ I't was found that the town is

subjgct‘to‘severe damages f;gm-tides, waves and winds, but that'%he
éonstructiqn of protective works; Including floodwalls, levees and *
gated barrier, is not economlcally feasible.- It was found, however,”

“that dameges from futufe hurricaties could be reduced by raising roads

and adopting zoning regulations. The District Engipeer recamnended théf
the report be publishéd and distributed Lo local interests to serve as a

~guide in development of flood plain regulation, zoning drdihances, build- -

ing codes, evacuation plans and other safely measures. -

~b.  Washington, D. (. Metropolitan Area. A study to detérmine

the'écdnomic'?éasibility of providing protective worke to reduce damage
from tidal flooding showed that such protection.alone 1s not feasible.

. The prédominant flooding problem in the area is from fluvial floods and '
this problem would control the design of any local protective works up-
.. stream of the National Airport and Bolling Air Force Bage, Continuing

encroachment on the tidal Flats and flood plains of the Potomac River in

- the Washington area has seriously reduced the capacity of the stream to
‘pass fluvial Tloods and absorb tidal floods without losses:. The Distriet
Englrneer reported that prevention of tidal flooding would be an additional
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benefit to accrue to fluviel flood protection. Requirements for
fluvial flood control are contained in the Potomac River Basin Re- '

‘_ port, in which upstream control by reservoirs is investigated.

‘ ¢, Garden Creek, Mathews County, Virginia. The District ‘Engl -
neér found a reasonable probability that construction of works to protect
against tidal flooding would be economically feagible. Local’ 1nterests

- stated, however, that they were unsble to contribube 30 .percent of the

- estlmated first cost of the plan of improvement which provided for pro-

" tection against tidal floods to the level of the maximum of record.
Alterndative plans for lesser degree of protection were discussed with
local interests, but no assurances were given that the local cooperation
requitrements would be Ffulfilled. In view of these circumstances, the
District Engineer recommended that a project for construction of pro-'
tective works not be authorized at this time. The report has not yet
been submitted to Congress and the possibility remains that local inter-
ests may offer to fulfill the requiréments of- loaal cooPEration for at
least partial protectlon.

Iv DESCRIPTION OF STUDY AREA
7. GEOGRAPHY

The area covered by this report 1ncludes the western shore of
Chesapeake Bay in Maryland from Cove Point to the Maryland- Virginia Llne,
and in Virginia from the Maryland-Virginia Line at the mouth of the
Potomac River to Wolf Trap Light except Garden Creek, Virginia. This
inciudes the tidal reach of the Potomac River, dowmstream of the Metro-
‘politan Washington area to the mouth, a distance of approximately 103
miles, with the exception of Colonial Beach, Virginia. Other major
tidal. reaches considered were the Rappahannock River from its mouth to
Frederlcksburg, a distance of 105 miles and the Patuxent River from its
mouth on the Chesapeake Bay to Hills Bridge, a distance of h9 miles,
There are numerous tidal tributaries to the Chesapeske Bay and the
" above rivers within the region that are affected by storm tides and
waves,

8. PHYSIOGRAPHY AND GROLOGY

The aren covered. by this report lies entirely w1th1n the Coastal
Plain Prov1nce. The soils of the tidal shorelines of the region are ’
unconsolidated alluvial terrace deposits of gravel, sand and clay over.
deep-lying rock formations. The terrace materials sre easlly eroded
and the shoreline is in a continuous state of recession. This proéess
-of erosion is greatly accelerated by storm tides and wave action generat—
ed by hurrlcane activity and is a msjor problem to those owning shore
_properties.

R-1
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9. MAPS

.The area has excellent general coverége_by maps and charts.
The following U. 8. Coast and Geodetlec Survey charts are availsble:
Nos. 77 and 78, scale 1:200,000 covering the entire Chesapeake Bay
Region, 1:80,000 scale charts, Nos, 1222, 1223 and 1224 for Chesa-
peake Bay, and 1:40,000 scale charts, Nos. 534, 535 and 536 for the
Rappahannock River, Nos. 557, 558, 559 and 560 for the Potomac River,
and 553 for the Patuxent River. The ares i1s also covered by the Army
Map Service topographic maps, serles V-501, scale 1:250,000 and in
greater detail by Series V-833 and V-83k, scale 1:25,000, except for
the Leonardtown and Nanjemoy quadrangles which are scale 1:50,000.
Similar coverage is also avallable in U. 8. Ceological Survey gquad-
rangles scale 1:24,000 except for the Leonardtown and Nanjemoy gquad-
rangles which are scale 1:62,500. Altholtgh the maps and charts are
adequate for general sppraisal work, the 20~ and 10-foot contour inter-
vals limit their use for detailed studies. : o '

-10. POPULATTON

‘ o ;The_tidewater sections of the Patuxent, Potomac, and Rappa-
hannock Rivers.are lightly populated with the exception of the Wash-

ington, D. C., Metropolitan Area at the head of tidewater on the

Potomac, and Fredericksburg, Virginia, at the head of tidewster on the
Rappahannock. Colonial Beach, Westmoreland County, Virginia, the ‘
only incorporated community with appreciable exposure to tide and wave
action has been the sublect of a separate report. The remaining in-
corporated towns located adjacent to tidewater with only limited ex-.
posure to tide and wave action have populatlons ranging from about 300
to 1,000. The 15 Virginla counties within this area have an estimated
average populatlon of 50 persons per equare mile and the four Maryland
counties have an estimated average population of about 7O .persons per

- square mile, Population projection indicetes that for these countles

the population will increase about 15 percent by the year 2010. How-
ever, the proximity of the fast growing metropolitan areas of Washing-
ton, D.C., Baltimore, Maryland, and Richmond and NorTolk, Virginia,
will cause incressed use of the tidal waterfront for residentiasl and
recreational activities whieh will, in turn, tend to increace the
hurricane damage problem. ‘ :

11. COMMFRCE

The area of the Chesapeake Bay and 1ts tributaries covered
by this report supports an extensive seafood producing industry which-
is the chief economic mainstay for the area. The salinity variation
permits a great variety of seafood to flourish in, the Bay and rivers.
There are about 2,600 boats of varying size and drafts utilized in the
seafood industry which areususlly harbored in the small protected
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creeks adjacent to the fishing grounds. The entrances to these small
harbor areas are subject to shoaling by severe storms 7nd silting ac-
tion by material eroded from headlands. y

12, AGRICULTURE

Agriculture i8 second in importance as an economlc activity
in the tidal area affected by hurricanes. Generally, the farming unite
are . small and, In many cases, are operated in conjunction with com-
mercial fishing and oystering. Losses to agriculiural land resu]t from'
. tidal flooding and bank erosionso

13-‘ RECREATION

The use of the area for recreational purposes is increasing,
.primarily due to the phenomenal rise in the uge of pleasure boats.
Many marina facilities have been built In recent yeareg and more are
planned. There are numerous summer-cottage communities and individusl -
. homes located on tidewater and it 1s expected that growth. will continue.
The tendency to place the builldings as near to the water as poszsible
. increases the vulnerability to damages from tidal flooding and bank
erosionu ‘ .

ih, ‘LAND.TRANSPORTATION

There 1s an excellent network of Staté snd Federal roads in
the area although many are subject to tidal flooding. Rail transpor-
tation is available along the right bank of the Potomac River from
Washington, D.C., 40 miles downstream to Aquia Creek, Virginia. BRail
gervice is also available at Indian Head and Popes Creek, Maryland, on
the left bank 25 and 58 miles respectively below Washington, D. C. The
only other rail service in the area is at Frederickeburg, Virginia, at
- ‘the head of tidewater on the Rappahannock River. .

ks

15. NAVIGATION

. The pumerous tributaries to the Chesapeake Bay and major
rivers in the area provide many excellent natural harhors. There are
19 Federal projects for improvement of these harbor and channel facil-
ities. The harbors apnd channels are subject to Varying degrees of
.damage from hurricanes and other major storms.

_ V. HURKICANE CHARACTERISTICS
.16, GENERAL

"Hurricane" is a term used to describe tropical cyelones tﬁat~,'
coriginate near but not directly over the equator. Tropical cyclones
form-over all the tropical oceans except the South Atlantic and are known

6 | ®




as hurricanes in bthe South Pacific, eastern North Paclfic, southern
Indian and North Atlantic Oceans. In other locations, they are known
as typhoons or cyclones, The term "cyclone™ has come into universal
use as & term to designate all classes of storms rotating about cen-
ters.of relatively low atmospheric pressure.

17. ORIGIN

Hurricanes usually develop in ”the doldrums," the belt of
equatorial calms lying between the two tradewind systems. This area of
. calm air exists between the prevailing northeasterly winds north of
the equator.and the southwesterly winds south of the equator. The two
wind systems do not precisely balance each other and the belt of calms .
is always located morth of the equator with its southern extent depend-
ing upon the advance and extent of the tradewinds. When the doldrums
are within 6° of the equator, cycloves seldom form. In this area the
deflective effect of the earth's rotation is small, becoming zero at
the equator. Only when the doldrums sre located north of 6° north -
latitude is the effect of the earth's rotation sufficient to initiate
the counterclockwise rotation associated with hurricanes ipn the northern
hemisphere.. . ‘The North Atlantic belt of doldrums is farthest north dur-
ing the months of August and September and at that time the deflective
effect of the earth's rotation 1s the greatest, -Near the equator this
effect 18 small. and there is no evidence of any West Indian hurricane
originating south of about 6° north latitude in the Atlantic Ocean.
Hurrlicanes originate when a large mass of celm.alr becomes warm or
moiet as compared to its surroundings and upward motion results on s
large scale. . If this condition occurs at a sufficient distance from
the equator for the deflective effective of the earth's rotation to be
operative, & cyclone is formed. HBurricanes which reach the Middle
Atlantic States are formed either in the Atlantic Ocean in the Cape
Verde Reglon or the western Caribbean Sea and move westerly and north-
westerly, in most cases recurving to a northeérly and northeasterly
direction in the - vicinity of the East Coast of the Unlted States.

18, . WINDS AND BAROMETRIC PRESSURE

. In all hurricanes that originate in the Worth Atlantic or the
Caribbean Bea, the rotation of the winds is in a colunterclockwise direc-
tion due to the effect of the earth's rotation at the origin of the
storm. The forward movement of the storm combined with its counter-
clockwise rotation causes the maximum wind velocitles to occur in the
right semi-cirele of the hurricane. Each hurricane contalns as "eye"
or a calm center with a dismeter usually of approximately 1k miles,

“although there are wide variations in individual ceses, The highest
winds of the storm encompass the eye of the hurricsne. These winds
diminish as the distdnce from the eye increases. The diameter of the
hurricane in some cases is not more than 50 to 75 mileg, but in' the
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majority the diameter is greater and in many instances has exceeded

500 miles. Tropical storms are generally not classified as hurricanes
until they ettain wind velocities of 75 m.p.h., but storms of lesser
inteneity do, in some cases, cause more damage than more intense

storms due to their forward speed and path.

19. At sny ‘given point in the path of a hurricane the barometric
pressure decreases as the storm approaches and reaches a low value as
the eye of the storm passes. The low pressure in the eye of the storm
is maintained by the centrifugal Torce of the rotating winds which keep
eir from entering the low pressure area of the eye., As the hurricane
moves overland the topographic feabures tend to reduce the wind inten- K
sity, and the low pressure center starts to fill with alr reducing the -
-pressure differential and eventually dissipating the hurricane. '

20.. TRACKS

Most hurricanes that have affected the Eastern Coast of the
United States have formed either near the Cape Verde Islands or in
the western Caribbean Sea. Hurricanes originating near the Cape Verde
Islands move westward for a number of days with a forward speed of
about 10 miles an hour, then usually turn north, frequently crossing
the West Indies and sometimes strlking the Eastern Coast of the Unilted.
States. Hurricanes originating in the Caribbean generally move north-
ward, striking Cuba, the Gulf Coast or the Eastern Coast of the. United
States. After recurving, the forward speed usually increases to 25 to
30 miles an hour, and occasionally to 60 miles an hour. Cape Verde
hurricanes commonly recurve. (that ie, turn northward, then east of
‘north) after reeching the mid-Atlantic. Hurricsnes that affect the
Chesapeake Bay ares most severely usually arrive from the south-
southwest after recurving east of Florida and after skirting the coast-
line. These hurricanes frequently occur during the period from the
- first of August through the middle of October.

2Ll. RAINFALL

Heavy rainfall usually accompanies a hurricane. The heaviest
rainfall almost always precedes the passing of Lhe center of the storn.
The heaviest ralnfall recorded in the area of investigation fell during
the passing of Hurricane "Connie" in August 1955 when 7.82 inches of
rain fell in a 24-hour period. The 24-hour maximum of 10.3 inches for
the State of Maryland was recorded at Cambridge on 6 September 1935,

22, Hurricanes are also accompanied by thunder and lightning.

Frequent and almost continuous lightning has been observed in the
destructive wind circle of many tropical storms.
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23. WAVES

Winde of hurricane intensity blowing over long fetches of
open seas generate high waves. 1In deep water the wave height 1s
- dependent upon the wind speed, the length of fetch affected by the
- wind, end the duration of the wind over the fetch. As a deep water
wave approaches the sloping bottom adjacent to a shoreline, the wave
increases in helght until it breaks. Waves generated at sea often
reach the coast in advance of the storm. Waves that resch the coast
can run up on & shelving beach or overtop structures well shove the
wave helght. ‘ ' :

24,  TIDAL SURGES

Tidal surges are caused by the combination .of hurricane winds
and low barometric pressure. When the surge moves toward land over s
. rislng ocean bed, the storm surge increases in height and results in
flooding of lands that are above the influence of normal tidal fluc-
tuations. The normal risge of the astronomic tide is onlx sbout two
feet on the open ocean, but its range may be as high as ten to twelve
feet at coastal points and even reach heights in excess of 20 feet in
bays and estuaries. A maxlimum storm surge occurs when the slope of
~the ocean bed and the contour of the coastline are favorable o the.
rise of the surge and are combined with eritical direction of the
storm track and the gpeed of movement. - ‘ :

25, ANALYSIS OF THE HURRICANE SURGE

: As a hurricane progresses over the open water of the ocefn,

a tidal surge is built up, not only by the force of the wind and the
forward movement of the storm wind field,. but also by differences in
atmospheric pressure accempanying the storm. This surge 1s further
increased as the storm approaches land over a gradually shoaling ccean
bed and is influenced considerably by the contours of the coastlin:,

An additional rise resulte when the tidal surge invades a bay or
estuary and hurricene winds drive waters to higher levels in the
shallow waters. Tidal surges are greater, and the tidal flooding more
Bevere, in coastal communities which lie to the right of thé storm path
due to the counterclockwise splraling of the hurricene winds and the
forward movement of the storm. The actual height reached by a hurricane
tidal surge and the consequent damages incurred depend on many compli-
cated factors. :

VI. HISTORY OF HURRICANES.
26. (ENERAL

Records of the U. S. Weather Buresu show that since 1889, a%
least 80 troplcel hurricanes or their remnents have affected the lower
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Patuxenit, Potomac and Rappahannock Rivers to varying degrees. There
are also historic accounts of such hurricanes extending back to the
time of earliest hebitatlon within the region. The wajor storms prior
to the nineteenth century which undoubtedly produced extreme flooding
levels are the hurricanes of August 1667, October 1749, September 1769,
and of July 1788. 1In general, by the time the hurricane centers resch
the study areas; the intensity of the storms have been somewhat dimin-
iehed by passing overland and sustained winds of hurricane velocity
are relatively rare. However, the tidal surges generated at the mouth
of the Chesapeake Bay are transmitted up the Bay and its tributaries
with resultant high levels of tidal flooding and dammges. Waves super-
imposed on the high tldes, formed by the high winds moving over long
fetches of the rivers and bay have destructive effects on banks, beaches,
‘plers and shoreline buildings. Photographic evidence shows that waves
on the order of 6 feet were generated at Colonilal Beach, Virginia, by
hurricane "Hazel" ~ October 1954, by a southeast wind moving over a

25 mile fetch of the Potomae Biver. The most significant of the recent
storms which affected the study area, are thoge In which the eye or
center passed over the Chesapeake Bay and the Potomac River. These
storms produced. high tidal surges at the ocean entrance to the Chesa-
peake Bay which, in turm, were transmitted up the Bay and tributaries,
and were further influenced by the convergence of topography snd local
wind stresses. Major recent hurricanes are discussed in the following
paragraphs. ‘ :

27. 23 AUGUST 1933. The hurricane of 23 August 1933 was the most
destructive orn record for the Chesapeake Bay region. The hurricane
center entered the mainland near Cape Hatteras, passed slightly west of
Norfolk, Virginia, and continued in a northerly direction passing Just
eagt of Washington, D. C. The sgtorm surge in the Bay and tidal tribu-
taries was the highest of record and moved at near the .critical speed
for producling the mesximum surge, which in this case coineided with the
astronomical high tide as it proceeded upstream. The results were
tides ranging from 7.2 feet sbove mean low water at the mouth of the
"Rappahannock to 11.0 feet at Washington, D. €. Recorded elevations
and wind velocities are shown on Plate 2. In addition to flooding dam-
age, destructive wave action resulting from the high winds caused ex-
tensive damages. A recurrence of this storm under the present state
of development in the study ares could concelvably cause demages in
excess of $5,OOO,OOOB These damages would occur in the Patuxent River
upstream as far as Lower Marlboro, Maryland, in the Potomac River up-
stream to the Washington Metropolitan area, in the Rappahannock River
upstream to Port Royal, Virginls, and along the wesbern shore of the
Chesapeake Bay between Cove Point, Md., and Wolf Trap Light, Va. 1In
‘addition to the sbove damages, there would be damages of $5,DOO 000 in
the Washington Metropolitan area, $800,000 at Colonial Beach Virginia,
and over $soo 000 at Carden Creek, Virginia. -

10




28. HURRICANE “HAZEL," 15 OCTOBER 1954%. Hurricane "Hazel," the
second most destructive of recent hurricanes in the lower Potomac,
Reppshannock and Patuxent Rivers, entered the mainland along the coast
south of Wilmington, North Carolina, during the morning of 15 QOctober
1954, and moved rapidly northward passing over Richmond and Fredericks-
burg, Virginia, in the early afternoon, and passed through Washington,
D.C., about 6:00 p.m. The tidewater area was subjected to dameging
winds, tides and waves throughout the day. The winds were from the
east and southeast until the eye passed the latitude of each point.
‘During this phase the effeect was greatest along thé western shore of
the Chesapeake Bay and the right banks of the Rappahannock and Potomac
Rivers. When the eye had passeéd, the wind shifted to the southwest
with higher wind velocities and demages to the left banks of the came
rivers were heavy. Wave actlion was severe during this storm because
~of the southeasgt winds moving over long fetches. The hurricane surge
or departure from the normal predicted tide was not 2& high as that for
the August 1933 or that of "Connie" in August 1955, but the tidal surge
was superimposed on the normal. high tide. Tidal flooding elevations
-for this occurrence are shown on Plate 2. The wind damege for this
storm exceeded that caused by tides and waves in this region. It has
been estimated that damages due to tidal flooding of the study area by
8 storm of thils magnitude would now cause damapges on the order of
$4,000,000. These damages would.occur in the Potomac River downstresm
of Washington, D.C., in the Patuxent River upstream to Benedict, Mary-
‘land, in the Rappahannock River upstredm as far as Tappahannock, Vir-
ginia, and along the western shore of Chesapeaske Bay within the study
area. In addition, there would be' $1,300,000 damage in the Washington
Metropolitan area,: $500,000 at Colonial Beach, Virginia, and $50 000
in Garden Creek, Virginis. :

29. HURRICANE "CONNIE," 13 AUGUST 1955. The path of this occur-
rence as shown on Plate 2, was similar to that of. the hurricane of
August 1933. However, the tidal surge was about 2 feet lower and
occurred on the normal low tide cycle. There were from six to eight
inches of rainfall slong the path of the hurricane throughout the tide-
water area which increased the damages in areas sublect to tidal flood-
ing. The demage due to tide and wave action within the study aresa was
estimated to be about $800,000 for & recurrence of these conditions.
These damages within the study area would be predominantly along the
vestern shore of the Chesapeake Bay and near the mouth of the Patuxent,
Potomsc and Rappahannock Rivers. In addition, there would be $100,000
damage in the Washington Metropolitan area, and $100 000 at Garden
Creek, Va.

- 30. HURRICANE "DIANE," 18 AUGUST 1955. The track of this hur-
ricane was too far west of the tidewater ares to cause extengive tide
and wave demage. However, excesslve railfall asccompanying the hurri-
- cane added to the problem in the tidewater dres caused by the reihfall
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of hurricane "Comnie," 5 days previous. Fluvial flooding damages In
the study area were estimated-at $150,000n. These damages cccurred in
' . the Rappahannock River at and below Fredericksburg, Va. In addition,
severe damage to the oyster crop im Uhe Rappahsmnock Rlver was caused '
by the influx of fresh water and silt. This damage was estimated by
the fishery industry to be about $2, 370,000, : L

: 31. HURRICANE "DONNA," 12 SEPTEMBER 1960. This hurricane passed -
- 8 ghort distance off the coast of Virginia, Maryland, Delaware and

New Jersey and brushed the coast with winds of hurricane force. No
excessively high water was recorded in the study area. The counter-
clockwlise winds actually tended to depress the water surface elevation
in the portion of Chesapeake Bay included in the study. :

© 32, NORTHEAST STORM, 6-8 MARCH 1962. This northeast storm caused
‘great destruction along the Atlantic coash. Residents of Ocean City,
‘Maryland, described the storm ag the worst 1in the town's history. In
“the study area, tides of 4.9 feet above mean low water were recorded
in the lower Potomse River. No wind accompanied the high tide and dam-
‘ages were minor within the study area. - o

VI. STANDARD PROJECT HURRICANE

“ 33, The standard project burricane represents the most severe
combination of meteorological comnditions that are considered reason-
-ably characteristic of the regioh. The Hydrometeorological Sectlon
of the United States Weather Burean studied the characteristice of”
extreme hurricanes consistent on meteorological grounds from point A
to point along the Aklantic Coast. The characteristics of the stand-.
ard project hurricane derived by the Water Bureau showed a striking
similarity to those of the hurricane of 14 September 1944 which is
also referred to as the "Great Atlsntic Hurricane" apd the "194h Cape
Hatteras Hurricane.," This storm when it was off Cape Hatteras had the
greatest energy of any known hurricane along the Atlsntic Coast. -

VII. PROBABLE HURRICANE

X 34, The Beach Frosion Board calculated the effect the hurricane
of 14 September 1944 would have on the Chesapeake Bay region 1f the
storm had followed one of seversl different paths. It was found thet
the moset critical track would be one that approached the coast south
of the entrance to Chesapeske Bay and continued up the west side of
‘the bay at a veloeity of about 10 to 13 knots along the path of the
23 August 1933 storm. In selecking the critical path, the August 1933
hurricane was used as a model since it was this storm that caused the
highest tide of record in the middle snd upper Chesapeake Bay ares.
The hydraulics of the 1933 storm. and the routing of the synthetically
transposed 194l storm were correlated. Variations 1n hydrographs -
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between selected cross sections on Chesapeake Bay during the 1933 storm
were analyzed and empirical coefficierts vere applied as required in

‘routing the 1944 storm. -The effect of an incredse of wind speeds by

'5 mlles per hour was investigated The resulting BUrges are shown 1n
Table 1. :

'+ VIIIL.- TIDAL FLOODING

35. LEVEL OF TIDAL FLOODING. The extent and elevation of tidel

flooding in the tidewater area of the area covered’ by this report gener-

ated by hurricane type storms are dependent on many factors and are
difficult to forecast with any appreciable degree of accuracy. The
storm surge or increase in water level over normal tide depends on the
‘path of the storm, forward speed, wind speeds, pressure snomisly snd the
surge in the open sea at the mouth of Chesapeske Bay. In addition, the
timing of the forward movement of the surge within the ares ag related -
to the normal tidal cycle would influence the level of tidal flooding,

36, HURRICANE SURGE PREDICTIONS for the Chesapeake Bay and ——
butery -rivers by the Beach Ercsion Board are included in Miscéllaneous
Paper No. 3-59 '"Hurricane Surge Predictions for Chesapeske Bay," Septem-
ber.1959. A pummary of surge predictions for various locations in the:
Chesapeake Bay area follows:

13




TABLE 1 -

_ SUMMARY OF SURGE PREDICTIONS FOR -
HURRICANE "A" AND HURRICANE "B"

Surge Llevatlomns in Feet Above

" ‘Loeation o __Predicted Astronomical Tide
x ‘ Hurricane "A™ (1) . Hurricane "B" (2)
""'41“0pen.0.oa.st L 11.1 - 12.2 |
uHamptonrRoads,rvirginia | 10.8 + 0.k 11.7 + 0.4
‘Méﬁth‘,of York River 10,3 +0.h4. 11,3 0.k
Méuth*éf.ﬁappahannock Rifef 9.8 " 0.4 10.7 £ 0.4
Mouth 'of:PO'l;dmac River 9.1 0.4 10.0 £ 0.4
Moﬁthiof-Severaniver - 8.3 + 0.k L 9,1 % O.L :
-ﬁﬁuth"of.Paﬁapsco“River 9.4 * 0.4 : 10.2 *+ 0.k
Norfolk, Virglnia 8.3 to 11.1 % 0.4 9.0 to 12.2 + 0.4
Washington, D. C. 13.6 + 1.0 14.8 + 1.0 .

Baltimore, Maryland 11.5 = 1.0 ' 12,5 ¢+ 1.0

(1) Hurricane "A" is the same as the 1l September, 194k Cape
Hatteras Hurricane transpesed to the Chesapeake Bay ares
slong the path of the August 1933 hurricane to produce
maximum surge entering the bay and propagated to the
variousg locations.. Surge heights computed for Hurricane
A" might be associated with a design or standard project
hurrlcane. :

(2) Hurricane "B' is the same as Hurricane "A" except that
: all wind speeds are increased by 5 miles per hour. Surge
heights computed for Hurricane "B" are probable surges.

37. FREQUENCY OF HURRICANE TIDAL FLOODING. = The determination of
the frequency of tidal flooding for the widespread tidewater study area
was based on the past flooding experlences including records from offic-
ial gages, fleld surveys, newspaper accounts and similar sources., The
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Potomac River frequency is fairly well defined by tide records at Washing-
ton, D, C,, and the U, 8. Naval Weapons Laboratory, Dahlgren, Virginia. A
frequency curve has been developed by the procedures given in "Statistical
Methods in Hydrology" by L. R. Beard for the Potomac River., The curve is
shown on Plate 3, The frequency of tidal flooding on the other main tri-
butary rivers, the Rappahannock and Patuxent, is not as well defined be-
cause detailed records have not been maintained. Tidal flooding from the
August 1933 hurricane, which is the maximum of record, appears to be about
a 100-year event, or has a one percent chance of annual occurrence, Flood-
ing from hurricane "Hazel," 15 October 1954, has been determined to be a
50-year flood, or has a two percent chance of annual occurrence, There is
no indication that the frequencies of comparable degrees of flooding will
be substantially different in the future.

IX, DAMAGES

38, GENERAL. The area covered by this report is located within the
political boundaries of 15 Virginia and four Maryland counties. The shore-
line includes 65 miles along the western side of Chesapeake Bay which are
exposed to wind fetches varying from 8 to 30 miles in length. The Potomac
River has 225 miles of sheoreline with 2 to 25 mile fetches and the Rappa-
hannock has 200 miles of shoreline exposed to 2 to 15 mile:r fetches. The
smaller major tributary in the area, the Patuxent River has about 120
miles of shoreline with fetches ranging from 1 to 10 miles. In addition
to the main shorelines there are-an estimated 1,000 miles of: tidal shores
in the smaller bays and tidal tributaries. Located on or near the tidal
shorelines are about 250 small communities consisting of permanent and
summer residences, seafood processing houses and similar light structures.

39. TIDAL FLOODING. About 25 percent of the communities are af-
fected by tidal flooding to some extent, Although generally the communi-
ties are located above the storm tide level, there are exceptions where
summer residences and permanent type structures are constructed below this
level, Tidewater communities subject to tidal flooding are shown in Table
2 of Appendix B, Weather Bureau Tidal Warning Plan.

40. BANK AND BEACH EROSION, The normal bank and beach erosion
processes of the Chesapeake Bay region are gteatly accelerated by the
high tide and wave. action during tropical storms. The terrace materials,

which are generally unconsolidated and erode easily during storms,: are

usually not restored by natural processes. The major damage is done by
steep short period waves moving the materials directly away from the
shoreline, The long swells which tend to move the sand and other mater-
ials back toward the beach along the ocean fronts are not present in
the Chesapeake Bay and tributaries, There are, therefore, only a few

places in the region at which the beaches are building out. A publica-

tion by the Maryland Department of Geology, Mines and Water Resources,
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Bulletin 6 "Shore Erosion in Tidewater Marylend," summerizes the erosion,
losses for & 90-year period ending in 1948, .Within the four Maryland
countles in the area covered by this hurricane report, there has been a-
loss of about 4,000 acres of land. No similar ‘flgures for the State of
Virginla are available but meny instances of bank and beach dsmages were °
reported at the public hearings held at Saluda and Colonial Beach, Vir-
ginia. Bank and besch erosion damages are primarily on private property
and attempts of the individual owners to protect their waterfront prop-
erties have been both expensive and sometimes lneffectlve due to lack

- of proper planning. Table 2 shows some known areas of bank and beach -

erosion within the tidewater region of the Patuxent, Potomac and Rappa-
hannock Rivers.




L1

‘Polnt Lookout -

TABLE 2

'",TIDEWATER AREAS SUBJECT TQ BANK

Community

Colonzal Beach

‘Dahlgren (U.S. Navél‘

‘Weapons Laboratory)

) Mason,ﬁeck'

Quantico (U. 5, - -

Marine Base)

Corrotoman River

Gwynn 8 Island -

. Stingray P01nt

Urbanna

"Scotland Beach..

fall fimbers .

Sqlomons'Island B

Sta'Georgés Island

-Q State County
Va. -Westmoreland
, Va,"‘-:”King George.;
Va. Fairfax .
Va. . Prinee Williams -
" Ya. X Lahcﬁéter 
Va. Mathews
'Va.“; - Middlesex .
_Va; Middlesex .
'wad.  ' St. Marys®
Mi.  St. Marys -
-Md.. 8t. Marys
Md. - Calvert .
Md. . .St. Marys

.-

AND BEACH EROSION

Remarks

Bank erosion threatens hi ghway.

Caving banks endanQEr range sta-
tions and.other structures,‘

ngh erodlng banks, requlrlng homes
to be moved.,

Eroding shoreline. unaermlnes Toad-
way-at airfield. .-

. Between Moran and T&ylor Creek. Homes

end&ngered.

. Bank and Beach.Loss;
'Necessitates Eomes to be moved.

- Erodlng banks requlre 12 homes to

be moved.

Serious beach erosion.

'  Erodiﬁg banks and beaches,}&amages'

to existing protective works.
Damage o State Highway.
Damage to highway and shoreline.’

Shoreline erosion. -



41. PIERS, WHARVES AND BOATS. The damages to plers and wharves
by hurricanes has been extensive in the tidewater area. Cenerally the
structures are of light construction and, where exposed to hurricane
generated waves, are subject to damage. Extensive damage to. small com-
mercial and pleasure craft in the harbors along the bay and rivers,
where exposed to extreme tides and waves, has also been experienced in
recent hurricanes. Hurricane "Hazel" caused about $250,000 in damages
to boats in Monroe Creek at Colonial Beach, Virginia, which is generally
considered to be a safe harbor. ‘

42, NAVIGATION CHANNELS. The tidal areas of the Chesapeake Bay
and tributaries have numerous inlets which are used for small boat
harbors. Generally the inlets are connected to deep water by narrow,
fairly shallow channels which are subject to shoaling. While this is
a continuing problem, the amount of shoaling is greatly increased during
hurricanes and other storms. At the public hearings, local interests
‘eclted certain locatlons as being shoaled during recent hurricanes The
shoaled locations are shown in Table 3.

TABLE 3

NAVIGATION CHANNELS SUBJECT TO SHOALING BY STORMS

Location State County Remarks
Queens Creek Va. Mathews Shoaling of Existing Channel
Jackson Creek - Va. Middlesex Federal Project, qhannél\shoaled

Iittle Wicomico  Va. Northumberland Federal Project, channel ahoéléd'
River - ; '

Meachims Creek  Va.  Middlesex Channel shoaled to one-half foot

: . Al
Tanners Creek Md . 5t. Marys Entrance shoaled by storms
Monroe Creek Va. Westmoreland Federal Project, entrance shoaled
Deep Creek ' Md. St. Marys Entrance shoaled by storms

X, IMPROVEMENTS DESIRED

3. Public hearings were held at Colonial Beach, Virginia, 8 Feb-
ruary 1956, covering the Virginia shore of the Potomsc River from Wash-
ington, D. €., to Smith Polnt at the mouth of the river; at Saluda,
 Virginia, 9 February 1956, covering the Western shore of the Chesapeake
Bay between Smith Point and Wolf Trap Light, and the estuaries of the
Rappahannock and Plankatenk Rivers; and at Leonardtown, Maryland,
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1k February 1956, covering the Marylend shore of the Potomsc River from
Washinglton, D. C. to Peint Lookout, the Patuxent River estuary and the
western shore of Ghe Chesapeske Nay frem Point Lookout to™Cove Point.,
The requests Tor protection of hanks and beaches “were prevalent through-
- out the hearings, Tmprovements were also requested to decrease shoaling
‘of navigation channels during storms, to prevent tidal flooding and to
- increase drainage. There were also requests for lmproved warnings. -

XI, CORRECTIVE MFA%URES CONSIDFRFD

hh. TIDAT, FL.OOD PROTECTTION, Protection apgeinst tidal ilooding waﬁ
considered in separate reporte Tfor the large urban Washington, D. C.,
- Metropolitan area; the small urban area at Colonial Jeach; Westmoreland
- County, Virginia; and for the rural area of Garden Creek, Mathews County, .
‘_Vizginia. The initial local cost of the recommended improvement at ,
- (jarden Creek, hased on the 30 percent apportionment,.adopted by thP F1nod[‘
_Control Act. of 1958, Public Lew 85-500, 85th Congress for the Nnry ro- '
pansett, New Bedford and Texas City projects, is beyond the ilnnntlnt
capabllity of local interests, In general, the small amount of land. tind
property that can be protected per unit length of levee or floodwall '
malkes pro+ection 1gainsL tidal flooding economically infeaslble. .

o H5. BEPAIRS‘TO'NAVIGATION CHANNELS. The shoaling of navigatioﬁ
' channels ceused by hurricanes can be alleviated by procedures under -
exishing authorizatlons. The Federal River and Harbor projects would
be repaired under the normal maintenance prograt, ’ Other harbors and -
channels would be eligible for consideration under Section 3 of the
liver and ‘Harbor Act of 1ohs which provides for clearing and snagging
of channels in the interest of navigalion. This aubhority may be used
‘to rehabilitate'a channel. damaged by a gevere storm but could not be
“used to restoré s channel that had pradunlly shoaled over a long period
ol time. b ’ )

v

bz, BANK AND REACH PROTECTION. The protection of banks and heachec
apainst damape from hurricane tides and waves generally. require substan-
~ tial and costly structures usually beyond the Financial capabllity of
\Indeidual property- owners and small communities. I'ederal participation
in beach and bank protection may be accomplished under the beach erceion
Laws administered by the Covps of TEngineers. Comblnatlon ‘beach erosion
anlhurricane surveys can also be made by the Corps of EnanPeTL. There
g sl present, however, ho Federal program that could give aid- directly
to individual property owners in the construection of bank and beach
~ erosion protective works either for hurficanes or lesser storms,

"k
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, 47. Shore protection and beach preservation problems may be studied:
. by the Corps of Engineers upon formal application, by. appropriate agencies
of the various States. Although private organizations and individuals
are not eligible to apply direct to the Corps of Engineers for erosion
control studies, they may request the appropriate‘State, county, or mﬁni—
cipal agency to make application for the study. The studies result in
" a report containing plans and specific recommendations to improve or

" remedy a condition at a particular locality. ’

48, Many communities and i{ndividual land owners on the western
‘shore of the Chesapeake and its tvibutary estuaries have bank and beach
protection problems, which altheugh {mportant’ to the community and in-
dividuals, are not of sufficient magnitude gr unusual character to
warrant a study, To provide non-technical aid for individuals and-
communities not eligible for studies, genersl information on shore
processes and protection, is availsble from the U, S. Army, Corps of
Engineers, Beach Erosion Board, Washington; D. C., or from U. 8. Army -
Engineer Districts. However, it L8 stressed that any, structures built
‘should be designed for the individual location, taking into account - -
exposure and forces to which the structures will be subﬁectgd; 1t is
suggested that the services of competent engineers be. secured ‘to :
prepare the detailed plans and supervise the construction. In view

*

of the technical nature of .coastal engineering, the Beach Erosion Board
publishes Technical Report No. 4 entitled ."Shore Protection Planning
and Degign" which may be purchased from the Superintendent of Documenté,
U. 8. Government Printing Office, Wwashington, D. C.. This report was
 writtenh to provide guidance to engineering and scigntifid~pérsonnel who
. possess a basic knowledge of shore processes, but may be of limited
. value to non-technical persons., It is also emphasized that adjacent’
.property owners should participate in any plan of protection in order
to increase the chances of success. For any plan of improvement which
may affect navigation, a permit must be obtained from the District
- Engineer of the U. S. Army Engineer District having jurisdiction in

the area. - ' : IR '

' X1I. OTHER PROTECTIVE MBASURES CONSIDERED '

.+ - 49, REGUIATION OF USE OF SHORELINES. Where protective works to
exclude tidal flooding and prevent wave damage are not feasible, zoning
regulations and building codes should be considered to reduce damages.
Appropriate zoning and building regulations by state and local govern-
ments should take into consideration the elevation and frequency of -’
tidal flooding as well' as the exposure of the structures to wave
action, Co ' - .
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Acceptable regulations may be difficuli to establish since during non-
-storm perlods, it is more convenient and efficilent to place structures
for sgeafood industry and recrestion near the water. This in turn in-
creases the likelihood of storm damage. The tabulation, "T'idewater
Communities Subject to Tidal Flooding," in Appendix B may serve as a
guide in establiching zoning regulations. Local interests are also
- urged to make use of the informatlon as & basis for establishing or.
‘revlising building codes in flood prone areas. These data represent’
~ the ‘best Information avallable at thie time. There 1s a provision
“under exlsting law,: however, whereby States or responsible local govern-
ments requiring more detajiled information on specific areas may obtain
. assistance through Flood Plain Information Studies.

50.. FLOOD PLATN INFORMATION STUDIES., Flood Plain Information
Studies are authorized in Section 206 (a) of Public Law 86-645 approved
14 July 1960 which reads as follows: -

!

'That, in recognition,of the increasing use and develop-
ment of the flood plains of the rivers of the U. 5. and of
:the need for information on flood hazards to serve as a guide
to such development, and as & basis for avolding future flood
hazards by regulation of use by States and municlpalities,
. the Secretary of the Army through:-the Chief of Engineers; s
¢ hereby. authorized to complle and disseminate information on.
‘floods and. flood damages including identification of areas sub-.
Jeet to inundation by floods of various magnitudes and freguen- -
cles, and general criteria for guldance in the use of flood
' plain areas; and to provide engineering advice to local inter-
wests for their use in planning to ameliorate the flood hazard:
Provided, That the necessary surveys and studies will be made
and such information and advice will be provided for specific
- localities only .upon the request of a State or a responsible
st local governmental agenny and upon approval by the Chief of
Engineers."” -

51. PROCEDURES FOR OBTAINING FLOOD PLAIN INFORMATION STUDIES. The
application of the State or local agency should be & letter to the Dis-
trict Engineer, prepared with his assistance if necessary, signed by an
authorized officer of the sponsoring agency and containing the following
informationa - . \

B, Authority of State of Local Agency. ‘The authority, law,
charter or resolution clearly establishing the local agency by the State
or subdlvislon thereof, its interest and jurisdiction in flood plain
regulation ‘and planning, and its relation to other local mgencies having
responsibility therefor, should be.cited or attached. The identity of
the :State -agency designated by the Governor to cooperate in the program
should be cited. ‘
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b. Desired Objectives of Study. The local applicant should
ptate specifically the local objectlves which prompt the application for
a Federal study.

¢, Scope and Limits of Study The geographic area to be
studled should be described together with the nature of present flood -
plain use and any contemplated floocd plain development. The time avail-
eble before local planoing declsionsg must be made should be stated. The
type and extent of descrlptive and statistical data that are available
and that will be furnished to supplement the- study by the Corps of Engi—
neers, without cost to the United States, should be described. Any .
local cooperation in gathering data, mapping or other services that can
be provided should he gtated.

d. Assurances of Local Cooperation, The letter of epplieation‘f

should give assurances that;

~.;gsw;_ (L) Availsble information and data w1l be furnished for
the study. | |
' (2) The spplicant will publicize the information report

in the community and make coples available for use ar insPection by
reep0n51b1e interested parties

_ . (3) Zoning and other regulatory, development and planning
agencies and public Information media, will be provided wilth the. flood
plajn information for their guidance and appropriaste action.
(4) SBurvey markers, monuments, etco, established in any’
Federal survey for Section 206 studies or in regular surveys in the aresa
- concerned will be preservcd and safeguarded

52, WARNING AND EVACUATION PLANS. Hufrricane and other severe weath-

er warnings are the responsibllity of the U. 5. Wedther Buresu. The Tidal
Warning Plaun covering the area is included as fAppendix B to this report.

XIIT. DISCUSSION

53. ~The western .ghore of the Ches apeake Bay and the tributary estu-
.aries of the Patuxent, Potomac, and Rappahannock Rivers are seriously
affected by hurricanee Although the area is not subject to the more
sPectacular attacks of full hurricane force winds snd accompanying tides
and waves. that occur on ocean fronts, the damages to Individual property
owners are often severe. Also the cumulative damages to the ares are
great due to the long length of exposed shoreline.. The comparatively
light development makes the construction of single-purpose hurricane pro-

tective works generally not feasible. However, it is expected.that water-

oriented development will continue on an increasing pace to fulfill the *
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recreational needs of the nearby metropolitan areas which will tend
- to increase the hurricane damage potential., In order to reduce future
hurricane damages, local actions with respect to zoning regulations
and building codes are advisable to control. building in areas exposed
to hurricane .tides and waves. There are numerous roads now sub ject

to tidal flooding which should be raised to serve as evacuation routes
for isolated areas. The U. 5. Weather Bureau warning system should

. be augmented by local warning and evacuation plans in order to be
‘fully effective,

X1V. CONCLUSION AND RECOMMENDATIONS

54. The hurricane problem in the tidal estuaries of the
Patuxent, Potomac, and Rappabannock Rivers and the intervening reach
- of the western shore of the Chesapeake Bay is very serious and costly
but - the costs of protectlve works would exceed the savings in damages.
It is recommended that in lieu of the construction of haurricane
protection works the following local actions be taken: (a) Zoning
regulations and building codes be adopted to reduce exposure to
hurricane damages; (b) the U, S, Weather Bureau warning system be
supplemented on the local level; (c) Evacihation vlans be developed
‘for areas subject to flooding and isolation; (d) Highwavs be
raised to reduce tidal flooding of evacuation routes. It is
further recommended that this repert be published and distributed
to appropriate officials in the area who may find the information
contained therein of use in the establishment of flood plaln
regulatory measures and evacuation procedures,

ROY 8. KELLEY
Colonel, Corps of Englneers
District Engineer
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SUBJECT: Hurricane Survey - Tldpwater Portions of the Patuxent,
Potomac and Rappahannock Rivers Includ:ng Adjacent
Chesapeake Bay ahore!:ne

U. s, Army Engineer Division, North Atiantic, New York 7 N. Y.
24 Jupe 1963

TO:. Resident Member, Board of Englneers for Rlvers and Harbors,
Washrngton p. C. :

I concur in the conclusions and recommendations of the Dlstrict

Englneer ‘ _ _
JOHN C, DALRYMPL aj{kAakvf/;kb{Jh”

Brigadier General, USA
Division Engineer
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BRIEF OF PUBLIC HEARING AT COLONIAL BEACH, VIRGINTA, 8 FEBRUARY 1956
RELATTVE TO HURRICANE DAMAGE IN COLONIAL EEACH AND POTOMAC RIVER AREA.

" Hurricane "Hagzel'" inflicted greatest damage to Town of

Colonial Beach. Insurance claims numbered 110 of which

25, representing damage from water, were not insurable.

All property south of New Atlanta Hotel was damsged. .

Bewerage system £LOOAEW. o v carosnnassoncorocnsson fraarateraees Pgs. 3=k

Protection of Irving Avenue is problem. - Beach end shore-

line have receded. Houses at south end of town damaged

slightly from wind driven water. Approximately $500,000 - :
storm damage in Town of Colonial Beacheocoooenanaa senesnennan Pgs. h—5
Waterfront roads, streets and. uidewalks damaged during

"Hazel," “Connie" and Diane." Approximately 30 feet ‘

of bank washed out in front of houses at north edge of o _
town. All amusement piers except two demolishedo.,........., Pgs. 5-8

More damage in 195h ("Hazel"} than in 1933 due to ‘
growbh Oftown Since 1933 .QBDGDHGD-D.la.ﬂ.#.ﬁﬂ'o'l.l“l.....’ Pg. 8'

Large amusement pier valued at 25 to 30 thous&nd o o
dollars demolished during "Hazel"esoosooas sasseanasssdsnuseas PE 9

Water washed over road at south of town, wetting B
- foundatione asnd lower floors of houses. Furnaces c I
ABMAEEA. s eanoasssnsoasrssancnssoncosansansa rassesserressasess Pg. 10

Water 1 to 2 feet higher in 1933 than 1954 ("Hazel"),.....;...Pg. 12

Newspeper accounts show 2 million dollar damage at : -
COlOniﬂl BEach in 1933 vnonronnnanuﬁocluunluonnﬁ.nlla.obill'u Pg-_lB

Virginia Department of Highways constructed sloping

concerete wall for distance of 1,000 feet along bank

between Irving Avenue and river to protect roadwsy.

Cost $25,000., Constructed after "Hazel." Wall was

not damaged by "Connie" or "Diane." State plans to

continue wall toward southern end of town to protect

highwey under four year program costing an additional

$100,000.  Work would protect same area covered by

approved Federal beach erosion projectno.,.,o..,............. Pgs. 15 17

Hurricanes have shoaled Federal channel project into
MOnrOE Bay LI ] L R R R ooouuoun-nneaooouﬂonocluota'o Pgo 18
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Naval Proving Ground at Dshlgrem, Va. (5 miles north of
Colonlal Beach) suffered damsge from "Hazel" estimated
at $656,000, primarily from wind which reglstered maxi-
mm of 71 knots. Weater height was 6.2 feet above mesn
low water, "Conreie' showed maximim of 41 knots and water
height of 4.7 feet. Highest wind velceity during "Diane"

was 33 knots and water helght 4.8 feet., Storm damage

greatest when storm centers pass to west of Dahlgren.
Control stations for firing range destroyed by caving
baﬁ.[]ks DﬂOBDOODQGDOODO3500000000500006006BOGOU.OHGOBOOI. Pgsu 18‘21

Netural banks and from 30 to 50 feet of shoreline

which afforded protection to Colonial Beach in past -
have been destroyed, Storm similar to "Hazel" in :
later years might do five times as much damagenn,.n.....u... Pg. 22 -

 Permanent population of Colonial Beach is 1,500,

Summer population is 6,000 to 8,000, snd summer L '
weekend ‘and holiday population is l2 000 to 20, OOOuoo-onocnn Pgsn 22-23

Weather Bureasu is attempting to 1lmprovye Hurricane ~

warnings and is studying predictioans for high tides.-
Gages established throughout area would be helpful .
during anticipated high tidal S4BEEBacooneoraana N - T~ -

Town of Colonial Beach would assist to limit of iLs"l 1 ‘
ability in cooperabing with any plan for protection......... Pg. 27 -

Mason Neck Civic Association’ reports serious bank

erosion problem on south bank of Gunston Cove, Va.,

opposite Ft. Belvolr. Two hundred homes - three o _
miles of waterfront..... cosnnanecen - siswansacasomasoans Pg, 28

Representative of Westmoreland County, Ven, called

‘attention to .receding shoreline and caving bank

problem on waterfronts slong Potomac River. Homes

- valued at $30,000 to $40,000 are endangered in .verious

communities. Pr0per+y values have been depreciated. o o .
No zoning regulations.. oynonnaOnncuo«?.u,.,,m..n.un,...ﬁ. Pgs. 28-30

Town of Colonial Beach is spending $650,000 for ,
remodeling Sewage disposal plan't;aaonnnnoaoonoono-h_oousce-luuan Pga 30

Discussion of Federal project For protection of shore-

;line adjacent to State road. Siate to pay two-thirds
of cost; CGovernment to pay one-third of cost. WNo

agreement with Colonial Beasch for payment of one-half :
Of Dtate SharEQoouuaoaooaoooooonal uuuuuuuuu uuuouo-auoauucnna- PgS 31"%




Problem st -Marine Corps Base, Quantico, Va. Shore- S
line eroding to undermine runway at airfield........;......, Pg. 33 ..

'Colonisl Beach would assist in reading a tide‘gauée

for use 1n warnings for hurricane tides...}.......,.{.,.;.;.‘Pgs.'3h-35u




BRIEF OF PUBLIC HEARING AT SALUDA, VIRGINIA 9 FEBRUARY 1956 RELATIVE

TO HURRICANE DAMAGES IN BAPPAHANNOCK RIVER AND CHESAPEAKE - BAY AREAS

Jackson, Creek, Va., - Storms have ghoaled the Federal
project into Jackson Creek. Entrance by small boste

4s difficult. Dikes or jettles to the east and west

»of the entrance channel suggested aaaaaa Goacoveosasoacatkaase

Queene Creek Mathews County, Va. - Storms have shoaled
entrance to Queens Creek. Qystermen cannot get into

creek to 5ell OYEterB..ecnssnocasooaascacsnas essessaseenni

Oyster damage - Opinions given that surge of water

from Frederickshurg ares durlng hurricane storms

caused extenslve demage to oysters in lower Rappa-

hennock River. Belleve proposed Salem Church dam

would have regulated flow.....coa. nobBosonosanscanatoasvsosan s

Meachims Creek, Va. - Petition forvarded through Board

of Supervisors, Middlesex County, to Public Works

Committee requesting lmprovement of Meachims Creek.

Channel damaged by hurricane "Hazel," Depth of

e- 1/2 feet was shoaled 10 one-half £OOb.oaoceoonssssoedsoans

Garden Creek, Va., ~ Several square miles inundated
for four or flve days by flooding due to entrance
cloged by storm action. Water 6 inches to 1 foot
deep over all roads; Farms soaked by ssll water,
About 50 homes and 600 persons affected, Mouth of

creek should be opened to permit proper drainagea,,.,uu..,.;

Corrotoman River, Va. - Between Moran and Taylare Creek,
Six or elght homes endangered by caving bank. . hoeucannasa

Lowery Point, Va., - Approximately 10 summer cottages

were severely damaged by wind and wave action during
Hurricane "Hazel." Water 3 or more feet deep in

marsh behind beach. Waves 3 - 4 feet higher. Most

of damages were from wave action which is not
insurablenonuvuuu,,qaugonﬂh nnnnn nmeenndoscuvsasoanans bossesesa

Gwynn’s Island, Va. - Between 20 and 25 feet of shore-
lire lost on the northeast corner of i1sland. No ,
damage to 50 cottages from wave actiofN.ececcsesconnnas nessssan

Stingray Polnt, Va. - Damage to shoreline reported.

Many cottage owners have moved houses to rear of lots

and except for wind damsge no buildings were damaged

by wave actlofNoscoossancna mosnooecancosoanansan pocosaasboonas s
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Urbanna, Va. - About 30 feet of bank on Rappahannock.
River at edge of town has been washed away by storms :
Bince 1933, :Ten or twelve homes must move if protection
is not provided. One lot owner estimates cost of $2,000 —_
to protect property..............,.....,...................¢ Pg..QQ o

General - Heights of water during the several hurricanes
in the lower Rappshannock River area discussed. Storm |
of 1933 highest.  Several offers made for volunteer
services for reading tide gauges and reporting during
tidal storms, including drawtenders on highway depart-'
ment bridges. More accurate predictlons on storm tide
heights would help prevent demage to boats and water-

front structures. Utility companiés meintain stand-by
crews costing $500 to $1,000 per hour, during hurricanes, -
More accurate warning on maximum wind velocities and -
timing would reduce cost. “Connie" and "Diane" missed . S
predicted time by 12 to 18 hours..,......................... Pga 20




BRIEF OF PUBLIC HEARING AT LEONARDTOWN MARYLAND, 1h FEBRUARY 1956:'
RELATIVE TO HURRICANE DAMAGES IN SOUTHERN MARYLAND .

/

‘Tanners Creek, Md. - Entrance blocked by "Connie," also

by "Hazel" in 1954. No drainage from creek. Entrance

needs opening. Approximately 75 homes on creek,

- permanent population of Scotland Beach: 50. Several

- hundred acres of farm land flooded and corn and wheat TR
damaged. Health ha-zardasaannuo-ou"-u-n--qoouo.uo-aenna--l-n.o Pg 3-6

Scotland Beach, Md. - Foundations of hotel and cottages
on beach damaged by "Connle.™ About $8,000 damage for -
one interest with 500' frontage - No total estimate of L
damage for entire area. Serlous erosion problem along -~ =~ - 5%
BEBCH. 4+ ot esscrsanacoasossanssoanesssoonsesvocsnanassivessss PE GT

Deep Creek, Md. - Entrance blocked by sand washed from

the bay during each bad storm. Eleven farms around

creek inundaeted. Bullding and barn damage from wind

deseribed. Health hazard - malaris mosquitoes breed

In creek. State Roads have in past opened drainage

ditehes to draln creek, Watershed association has : e
been formed, Dead fish are problem. Wells flooded ........ Pg. T«O

Maryland State Hemlth Department testified that odor
from dead flsh not health hazard. Malaria type '
mosquito present but no cases of malaria reported BN

in St. Mary's County in yeartS..cecccesssas suasnsaseessrsriacs Pg, 10-11

It was stated that if Deep Creek were opened for use
of fishing boats it would be worth $50,000 to com-
munity. Barrler between bay and creek i1s 400 .- 500
yards wide. Other estimates 250" wide. Entrance
opened one day, closed next About 250 - 300 acres : S
‘damaged by salt water..... Wansanomnnnasnange ooeonasnassawaes Pge 12-14 -

'Tall vimbers, Md. - County bulkhead for length of S
50'60 feet d&mﬂgEfiu ooooooo o?bubnena!oonn uuuuu bovomoarsedan Pg- lh
General. - 15 - 20 feet erosion on Potomac shofe.

Many plers destroyed. Damage centers from hurricanes

described ae being Tall Timbers, Point Lookout,

. Scotland Beach and Seven Gables. Flood damage due

to inadequate drainage is severe at Tanners Creek, o
Deep Creek, Breton Bay, St. Marys Riverseeenssass. sereseases Pgs 15

A-6.




Area between Piney Point and Point Lookout, and inland -

about 3 to 5 miles 18 low (4 to 8 M.S.L.).  Most of area.

undeiwater in 1933, 1954 and 1955 storms. (6 000 ‘acres)’

damaged by salt water. Adequate warninge necessary for

evacuation of persons and livestock....,.................... Pg. 24 -25
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WEATHER BUREAU TIDAL WARNING'PLAN

FOR USE WITH WASHINGTON LOCAL: SURGE WARNING LIST AND MAP

During July and September of 1958 the surge specialist at Washing-‘
ton National Airport visited all the communities in the Washington local
surge area which were suspected of being vulnerable to flodding from -
hurricane tides. Most of these places were found'to be relatively safe -
from such tides but at those places where 1t was believed loss of life
might occur, arrangements were made whereby a local resident could be
called in cage of an expected severe hurricane.. These local contacts

nconsist of permanent residents, sheriffs, rescue Bquads, etc._

‘Table 1 (not printed) conteins a list of the communities that should
be warned and map number 1 displays the location of the communities. The -
.individual figures in the "Helght above MHW Needed for Warning" column- _
were determined from a consideration of a number of faetors such as height

of damage zero, height of highest ground in the immediate area, helght &t

vhich the highways become cut off, etc. Since the renge of these figures

(about 3'-5') is at least as smsll as the range in helght which would be
given in s surge forecast, 1t is probable that if anyone on the list is
notified they should all be notified . L

A second list (table 2) wag made containing information about ell
the communities visited.

The two hurricanes that seriously affected this area in the recent

',yesrs were Hazel of October, 1954 and the hurricane of August, 1933 with

. the latter producing the higher water levels. Even though there is no .~
. record of any drownings in this area as 8 result of these storms, it is
“believed the communities on the warning list should be notified in case .

a hirricane is expected to move over or just to the west of this area.

- If 'a hurrlcane should produce tides greater. than those produced by the
_ August, 1933 hurricane, 1ogs of 1life due to &rowning could result unless

-proper precautions were taken

. Many of the highways leading inland from the communities contain

~Yow spots which would flood first, long before the water reached serious

proportions (see table 1 and map number 1). This means that 1f evacua-,_;
tion is indicated it must be carrled out well in advence of the rise. i
in wster level, -

Voluntsry evacuation is not the best method, so every effort should"i

be'made to reach the sheriffs shown on the wsrning list.

. It 1s believed that a 1arge number of people could be drowned by a
severe hurricane tide at the Tollowing places unless there was evacus-
tion:: Colonial Beach; Coles Point, Ragged Point, Sandy Point, Lewisetta,
Westland, Morattico, Stingray Polnt, St. George Island and Point Look-
out.

" B-1




WEATHER BUREAU TIDAL WARNING PLAN

DESCRIPTION OF LOCAL WASHINGTON SURGE FORECASTING AREA
(See attached map)

In general the coastlines of the Potomsc and Rappahannock Rlvers

. are such that flooding beging between 3 and 5 feet above MSL.  However

there are some areas that consist of a steep bank 5-12 feet high which
has been found to be sufficliently high to protect against hurricene
surges in the past. These banks extend on the west side of the Potomac
River from just below Quantico to just above Dahlgren and on the east
side of the River from Washington, D. €. to just above Popes Creek (see
attached map). : '

Most of the communities along these rivers are small and consist -
generally of summer cottages but some contaln & high percentage of per-.
manent homes and a few -have buslness establishments. The largest town
and one of the most vulnerable to floocding 1s Colonial Beach.. :

Some communities are-located on iélands or are so situated that a
swall rise in the water level floods the highway leading inland, thus
cutting off thelr only escape route. In such cases, 1f there is going:
to be need of evacuation, 1t must be done well in advance of the main
surge.

Slnce the number of cages for study of hurricanes producing high
tides in tnis area 1s small and 1ittle accurate information on the
resulting tidal departures 1s avallable, no objective method can be
deviged at thls time for- forecasting the magnitude of theee departures.
It is believed however, that a few -general. statements.can be made

Hurricane Hazel of Qctober 15, 1954, which moved rapidly northward
some distance to the west of this area with a strong wind field favor-
able for producing surges in these rivers, caused tides estimated to be
between 4 and 7 feet above MSL. The hurricane of Auvgust 23, 1933 moved
northwerd over or slightly to the west of this area. It has a slower
forward speed and its winds were not as strong as those of Hazel but
the tides produced in these rlvers were higher - 6 to 9 feet above MSL.
It may be that In the case of Hazel the winds which were favorable. for
producing surge' in these rivers did not operate long enocugh to have
thelr maximum effect, due to rapid forward speed of ‘the hurricane it-
self., -It would seem from the above that a surge forecase of between b
and 10 feet above MSL (depending on intensity of wind field, path and

‘gpeed of the storm) would be in order for hurricanes with wind fTlelds

favorable for producing surges in these rivers. It is conceivable,
however, thaet an exceptionally intense hurricane under certain condi-
tions could cause & surge in these rivers of more than 10 feet. ‘

B-2




Since storms vwhich move northward some distance to the east of thig
area do not have favorable wind fields for surge production in thege
rivers, they cause tldal departures of lesser magnitude. BSurge heights
for these storms should be forecast to be considerably lower than for
. the former type. Perhaps a forecast within the 2 to 5 feet sbove MSL
renge would be appropriate for the majority of these storms. .

B-3




TABLE 2

COMMUNITIES IN THE WASHTNGTON LOCAL SURGE AREA TNVESTIGATED IN JULY 1958
WITH REGARD TO. FLOODING DUE TO HURRICANE TIDES

Hgt of
damage
zero On
_ ' : : ' (Ft abv warning
Community - - County - Installations MHW) - list
Fort Belvoir, Va.. ' Fairfaxf-rﬁ.' '”AEonton.bridges, boats. L o Yes
Occoquan, Va. : - Prince William 30“homes;‘ 7 15 No
Belmont, Va. - Fairfax . 8 homes. : 0 . No
Lynwood, Va. o Prince William 80 homes. .207 ~ No
Ei, Featherstone, Va, Prince William 80 homes. - 3 : Yeés
Quantico, Va. Prince William  Dock and airfield. h-1/2 Yes
Widewater, Va.  Stafford 15 homes and cottages. 12 - No
Marlboro Point, Va. Stafford 5 homes. 12 .. ... XNo
Fairview Beach, Va. ' Stafford . 8 cottages. 12 - No
Mathias Point, Va. ‘ King George 10 homes. A 15 " No
Dalgren, Va. o King George 15 homes, dock. - ok Yes
Colonial Beach, Va. ' Westmoreland Population 1500 (much 3-1/2 Yes
, more during summer).
Westmoreland Shores, Va. Westmoreland - Several homes, 10 ' 2el/2 Yes

cottages..




COMMUNITIES IN THE. WASHINGTON LOCAL SURGE AREA INVEST

TABLE 2 (Cont 'd)

- Community
Westméreland Beach, Va.

Berkiey"Beach, Va.

.Ebh Tide Beach, ?a.

- ﬁékefieid:Natidnai Park; Va;
;Mﬁses'Beach, Va.

'f@dﬁé}ls;: Va. -

‘HbrnerS‘Begch, Va{m

ijriftwdodeeach Va.

‘fWestmoreland State Park Va.

‘ ‘Stafford Va.

Kingc0psico Point - Va.

Coles Point, Va

:.Rasged Point Va. _

Cherry Grove Beach; V&.

WITH REGARD TO FLOODING DUE TO HURRIC

County

Westmoreland
Weétmoreland3

. Westmoreland

Westﬁofeland

Westmoreland .
_ﬁestmnreié;d
'WesﬁmoreléndA
vWeétﬁorgiéﬁqw f
—~Wes£mbre1§nd‘
WeStmoéeiand T
- Westmorei;ndA;_

Westmoreland .

Wéstmoreland

Westmbreland~7.

Nothing. -

IGATED IN JULY 1958 :
ANE TIDES - o

- Hgt of

. damage

Installations

8 cottages,

8 cottages.

8 cottages.

. 15 cottages.,

5 houses.f"

- “S-hqmes gnd-cottéges.

5 homes .and cottages.

5" cottagest :)
: slcottages.-t:

:20 homes.

150 homes and cottages°

‘ iE&O homes and cottages o

;?10 homes and cottages. -

‘Zero On
(Ft abv  warning

MHW) - list

4} 1§ B W ,:_:N0;; i.f
".i 18 , ‘;iiiﬁ{N0"L‘-
- 18-:-}f:“w, Ndi”>
”‘1$ ;;:f :E:‘i   N5  .-
6 - W
16 o e
I Mo
'"iéi, " SULNE
' ii1f~;i; ?5}'ﬁ0QfA15
6 L ag

6. Yes -




TABLE 2 (Cont'd) -

COMMURTITIES IN THE WASHINGTON LOCAL SURGE AREA INVESTIGATED‘IN JULY 1958
WITH REGARD TO FLOODING DUE TO BURRICANE TIDES

Hgt of

damage
Zero . On
o ' ; (Ft abv warning
Community , County . - Installations .. - MHW) list
Sandy Point, va. ' Westmore]‘.and" 50 homes and cottages. L Yes
Upper Sandy Point, Va.. Westmorela.ﬁd .- 8 cottages. o L Yes
Sprirngfield Beach, Va. Westmoreland 12 homes and cot{:&ges. Q "~ No
Mundy Point, Va. | Torthumberland 20 homes and cottages. 5 No
o Harryhogan Point, W}é.. _ Northumber].gnd 20 ﬁomes and cottages. 8 Ko
> Lewlsetta, Va. ) Northumberia.nd . 35 homes and 150 cottages. 2 . Yes
Northumberland Shores, Va. Northumbefland 15 cottageé. 3 Yes
Walnut Point, Va. | Northuﬁberla.ncl 1 home. | - 6 No
Neumas Neck, Va. - Nortmumberland 8 homes and cobtages. ST
Hull Neck, Va. . ' Northumberlsnd 8 homes and cottages. 12 “ . Ko
‘Méb Neck, Va. : ~ Northumberland 8 homes and cottages. 12 o No
Virmare Beéch, Va. Northumberland = 5 homes and cﬁttage;:, : 12 ‘ No
Ginny Beach, Va. - N&rfhumbérlénd 8 hbmes~and'§6tt£ge§. " 15 o Mo
Reedville, Va. . _ | Northuinbefla.nd' 300 homes and 5 business 4 Yes-
. . ‘ ,esta.blishment_s. _ '




TABLE. 2 (Cont'd)

COMMUNITTES IN THE WASHINGTON LOCAL SURGE ARFA INVESTIGATED IN JULY 1958

' Community
| Fleeton, Va.
Fair;pox;t s Va.
bcr&n, Ya.

Bald Eagle, Va.
ﬁesti&nd, Ve.
.Foxwellé,‘Va.-
Palﬁer, Va.
éher&y-Point, va.

West Irvington, Va.

Boer, Va.
Morattiéo, Va.

- Simonson, Va.

Tarpleys Point, Vﬁ.

Sharps, Va,

WITH REGARD TO FLOODING LDUE TO EURRICANE TIDES

Count&
Northumberland
_Ncrthumherland
Lancaste:
Lancaster
_L&ncaster
Lanéaster
Lancaster
7 Lancaster

Lancaster

Laﬁcaéter:;
Lancaster
Richmond
Richmond

Richmond

Tnstallations

30 homes.

VED‘homes.r

20 homes.

10 cottages.

25 homes and cottages.

25 homes.
25 homes,
2 homes.

Ice plant and 25 homes.

" 4 homes

50 homes.. .

"1 home and 17 cottages.

20 cottages.

l25 homes.

Hgt of
- damage
ZEero On
{(Ft abv - warning
MHW) list
3 - Yes
12 o No
2-1/2 " Yes
2-1/2 .. Yes
e-1/2 © Yes
é Yes
3-1/2 Yes
b No
3) No
15)
12 Ho
'3 Yes
3-1/2 Yes
5 Yes
12 Xo




g-d

TARLE 2

(Cont'd)

'COMMUNITIES IN THE WASHINGTON LOCAL SURGE AREA INVESTIGATED IN JULY 1558

Communi ty
Stingray Point, Va.
Deitaville, Va.

Ruark, Va.

- Stove Point Neck, Va.

Urbanna, Va.
Balls Point, Va.
Kilmeres Point, Va.

Waterview, Va.

‘Bowlers Wharf, Va.

Eubank, Va.

'Wares Wharf, Va.

Lowery Point, Va.

Tappahannock, Va.

Leedstown, Va.

Countx
Middlesex

Middlesex

Middlesex

Middlesex

Middlesex

Middlesex
Middlesex
Middlesex

Essex

- Essex

Essex

Essex

Essex

Westmoreland

Installati&ns
80 homes ;nd cottages.,
200 nomes.
30 homes.
80 hqmes.‘
L homes.
10 homes and cottages.
1C homes and cottages.
1z homesrénd cottages.
10 homg;._
25 cottages.

15 homes and cottages.

15 homes and 75 cottages.

Population 1000,

10 homes.

WITH REGARD TO FLOODING DUE TQ HURRICANE TIDES

_Hgt‘of -

damage
Zero On
(Ft abv  warning
MEW ) list
5'. : Yes‘
10 " No
T No
5 Yes
2 No
8 No
8_ No
12 _- No
14 ‘ Ko
. 2-1/2'  Yes
11 o
2.1/2 - Yes
S No

10 ‘ No
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‘EABLE 2 (cOnt'd)

COMMUNITIES IN THE WASEINGTON LOCAL SURGE ARFA INVESTIGA‘I'ED IN SEPTEMBER 1958

Communi ty

Popes-Creek,'Md.

Allens Fresh,'Md.

Hewport, Md-t

Morgantown?-Md.

Banks 0'Dee, Md;- l
' WOodberry Beach Md.
'Wicomico Beach, Md.
Windmill‘Point, Md.-_ 5
Potomac View, Md.

Rock Point, Md. .

WITH REGARD TO FLOODIHG DUE TO HURRICANE TIDES '

‘”: ¥'Count -:x.‘,K __
;‘VChﬂrleS: 
' Charles -

Charles -

 Charles

Charles
Charles f ;
.ﬁharlesf‘jm
. Charles- -
* Charles .

'f_Charles:*,:f

1 house 5'; 11 houses 10' or .. 5 -

15 cottages 3'-3‘ some 12';:
' i; road 3. oo

35 cottages 3'-8" some 12' _
30 cottages h'-T' RIS

20 ccttages lﬂ'—lh' i:éto?e;f=h

Hgt of
,‘ demage TR

lwero .. 0m

' L “( (¥t BbY . ;ivarningwi
Installations B -:]  MHW) . 1igt -

2 hﬂuses 2r-31; 2 restaurants_ 2 f3h-u}~__{ﬁ6 gf’

2'-ht, High ground in viei- i . e

more. - . S e A.r.rTf;"F?“"

. 2 stores 4'; 10 houses 8 or - 4 . " No

mne,rmm.y SR I R E

"1 cottage 3'; 1h cottates 8'f]f-3?jifffwf : ﬁsrwl

-or more; Street 3';. ground e

- 121 in area.

 1 cottage 3'* 19 cottages S'f .3 o  Yes
_or more, street 5' L T —

L_lS cottagea 3'-8'{‘same 12' f;;;S:_Y;?Z}fﬂ Yes'

g,%tyeéa

T i Yes
11._1 R
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| TABIE 2 (COnt'dl

COMMUNITIES IN THE WASHINGTOR LOCAL SURGE AREA INVESTIGATED IN SEPTEMBEER 1958

WITH REGARD TO FLOODING DUE. TO HURRICANE TIDES

Community

Cobb Island Md.

Mills Point, Md.

Chaptico, M4.
Bushwood Wharf, Md.

Whites Neck, Md.

Crew Point, Md. .
River Springs, Md.

Colton Point Ares, Md.

Palmers, Md.

Waterloo Point, Md.

County

Charles

St.

. 5t.

‘S%.

St

5t.
5t.
St.

St.

Marys

Marys

Marys

Marys

. Maryé

Marys

Marys

‘Marys

homes 10

Installations

LoO cottages and homes 6'-10';
hlghway 2'

- 3¢ cottages 12'.

2 stores L'-6'; 20 homes 7'

or more; road h
2 stores 3t; 2 hqmes 3'; 18
or more;

1 store 2'; 1 cottage 3°; 29
houses g or more street 2f;
ground 10' or above in viecl-
nity.

20 cottages. and homes 8°.

20 cottages and homes 8'.

50 cottages, 50 homes 5' or
more. ‘

30 cottages and'homes 51-8¢

5 eattages gr.

street 2°'.

Hgt of
damage ) :
 ZeTro On
(Ft abv  warning
MEW ) list
6 Yes
12 No
oo | No
3 - No
2 No
8 ~ jNg
8 No-
- 5 - o Yes.
.5‘ o Yes
8 No
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TABLE 2 (Cont 'd)

COMMUNTTYES IN THE WASEINGTON LOCAL SURGE AREA INVESTIGA‘I‘ED IN SEPTEMEER 1958

Community 7

_Brenton 'Eeach, Md..

Shipping Point, Md.

- Huggins Point, Md.

Leonardtown, Md.

Abell, Md.

St. Clement Shores, Md.

Newton Neck, Md.

Brenton Bay Es‘ta..tes,- Md.

Abells Wharf, Md.

"White Point Beach, Md.

Lene Beach, Md.

_WITH REGARD TO FLOODING DUE TO HURRICANE TIDES

County

St.
gt

St.
st.

St.
St.
St

St.

Stﬂ

5t.

St.

- s

Marys
Marj's

Marys

Maryé
Marys

Marjrs_“

Marys

Marys

Harys‘

Hgt of

 dsmage . .
zero© .- Om.
‘ - ' . (¥t abv - warning.
Insta.lla.tions - MEW) list - -
20 cottages 2-1/2' or more. .  2-1/2 " Yes
'1.0_ homes 6t-8'. : 6 Yo
20 cottages and homes T' or T 'Fo
Whart 3'; warehouse 4e; 011 Co. 3 No -
L, : -
25 homé’s 6:-8%; streeft 7'. "-6 No
100 cottages and homes 10-15' No.
. street 10'-15"'. .
1 house 3'; 49 cottages and 3 ‘Na
homes T'-10'; road 7'.- o
.15 cotta.ges 8 c_:r more. .‘ 8 No
1 i’ésﬁau.rant _2'} 1 house 6'; - U ‘ Nd -
high ground :Ln-_ vicinity. : o
25 cottages 12'; road 13*. 12 No -
lS 'cott'agés 13%; road 1, Co 13 -Ro _.



TABLE 2 (cOnt 1d)

COMMUNTTIES IN THF, WASHINGTON LOCAL SURGE AREA INVESTIGATED IN SEPTEMBER 1958
" WITH REGARD TO FLOCDING DUE TO HURRICANE TIDES

Hgt of
damage .
- Zero _ On
. " , (Ft abv warning
Communi ty - . County ' Installations . MHW ) list
McKay Beach, Md. ©  St. Marys  Several cottages h-1/2'; 100 4-1/2 Yes
' : cottages and a few homes 5'-8'.
Tall Timbers, Md. St. Marys & cottages L1; 30 cottages 6'« L - . No
: 8'; road 8'. - -
 Pall Timbers Post Office, Md. St. Marys 2 houses 4'; store and 8 houses b " No
. , over T'; road T'.
t|ﬂ . ) . ‘ 3
I Locust Grove Cove, Md. : St. Marys 15 homes 6'. . , . ' 6 No
Morgan Beach, Md. St. Marys 4 cottages'3'; 6 cottages 6'; 3 Ko
: road 6'. . :
Morgan Point, Md. St. Marys ' cottages and homes L6t 3 No
S - road 3. :
Medley Point, Md. _ St,=Marys 10 cottagés and homes 3-1/2'; 3-1/2 Yes
L ‘ 10 cottages and homes 5'. _
‘Piney Point Beach, Md.  St. Marys 60 cottages and homes 3- /2' 3-1/2 Yes
: Or more. . . ) S
Naval Reservation at Piney - . St. Marys 100 homes 5'-T° (mostly wm- 5. No

Point, Md. : occupled); road 7'.




“TABLE 2 (Cont'd)

- COMMUNITIES IN THE WASHINGTON LOCAT. SURGE AREA INVESTIGATED IN SEPTEMBEE 1958
WITH REGARD TO FLOODING DUE TQ BEURRICANE TIDES

i S Hgt of
ZEeTo 7 On .
L - - _ o - _ _ ' - (Ft abv warning -
Communi ty 7 - County *  Installations © 0 MEW) - list
St. George Island, MA. St. Marys 180 cottages and homes 3-1/2' 3-1/2 Yes
, : . 6' 3 road 2°'. o -
Wynne, Md. . 8t. Marys Shipyard 31, l5'hbuses 10, b " o
Potomac View, Md. - ' St. Marys L store 3'; 1 restaurant 4t; 3 No
' - 5 warehouses 3'; 20 house;;a 5'. 2

",t': Cemp Earnest Brown, Md. St. Marys Sumerrt';cys' camp 8'. - 8 ' No .

' Cornfield Harbor, Md. - .8t. Marys 15 cottages 3'; rocad 2', 3  Yes
Rodo Beach, Md. | 5t. Maiys 10 cottages and homes 4'. 4 o Yes
Scotland Beach, Md. - ' Sf. -Marys ko cottages 3'-,5'. : ) 3 ‘ Yes
'Point Lookout, Md. | St. Marys = Hotel 4-1/2¢; lighthouse - k2 Yes

4.1/2'; Toad h_1/2'
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. HURRICANE SURVEY
TIDEWATER PORTIONS OF
PATUXENT, POTOMAC AND RAPPAHANNOCK RIVERS

INCLUDING ADJACENT CHESAFPEAKE BAY SHORELINE

Additional infomaﬁion ealled for by Senate Resolution 148,
~ 85th Congress, lst Session, adopted January 1958

OCTOBER 1962




: 1. The information contained in this‘sﬁpplement is 1n'response
to Senate Resolution 148, 85th Congress, lst Session, adopted
28 January 1958. : L

_ 2, The geographical scope of this report was limited to 8 genersl
appraisal of the hurricane problem as related to the tidewater areas of

~ the Patuxent, Potomec, and Rappahannock Rivers, and the western shore

of the Chesapeake Bsy from Cove Point, Calvert County, Maryland, to

Wolf Trap Light, Mathews County, Virginia. The functional scope of

- the report included public hearings to ascertain the kind and extent

- of hurricene induced problems and the expressions of loeal interests

in this matter.

3. Federal participation in providing protection by structural
means to prevent tidal flooding, bank and beach erosion was considered
to be economically unfemgible. Ag an alternate conslderation, the
basic report contains recommendations including regulations on the use
of the shoreline and development of varning and evacuation plans. These
recommendations appear to be the most appropriate means of providing
for reduction of futgre tidal flooding demages.

_ k., Application of the standards contained in Senate Resolution
148 will not change the recommendations presented in the Basic report,



